In the field of supply chain, selecting a suitable green supplier could significantly help us to decrease the cost and the risk involved in the operations as well as increase in the quality and green. In this paper, we develop an integrated two-stage approach based on fuzzy analytic hierarchy process (FAHP) and multi-objective mixed-integer linear programming to select suppliers and order allocation in green supply chain. In the first stage, suppliers are evaluated using FAHP method, and in the second stage, a multi-product multi-period supply chain considering green location-routing problem, discounting, and time window under uncertainty is developed. Then, a fuzzy solution approach is applied to solve proposed model using the data of a pharmaceutical chain in Iran. Results will verify the efficiency of the proposed model.
Introduction
The deteriorating effects on environment due to excessive use of natural resources is one of the obvious results of increasing in world population. For instance, during last few years, in average 30000 million tons of carbon dioxide has been produced [1] . Designing a green supply chain is one of the principle approaches to alleviate this destructive effect on environment. A green supply chain protect the environment while increasing the organization's competitiveness through the integration of financial information and logistic [2, 3] . A while after proposition of green supply chain, many of organization assigned a higher priority to environmental issues and modified their operations accordingly [3] . The first step toward this goal is to purchase an environment friendly raw material [4] . In manufacturing companies, approximately 70 percent of the cost of product is related to its raw material [5] . Therefore, purchasing strategies in green supply chain management is vital and significant. More specifically, the concurrent selection of appropriate suppliers and satisfaction of multiple criteria, such as price, quality, delivery, risk, innovation, flexibility, green and etc., has changed the purchasing procedure into a critical challenge [6] . The decision making literature shows that considering multiple criteria which are in opposition to each other will yield a multiple criteria decision-making (MCDM) problem [7] [8] [9] [10] . Therefore, given that we have so many competing criteria in supplier selection problem, this is indeed an MCDM problem [11, 12] . Moreover, by adding environmental considerations to this already complicated problem, the complexity will increase. There are numerous studies in the literature which uses MCDM methods for green supplier selection and order allocation [3, [13] [14] [15] [16] . MCDM process is divided to two parts: multiple attribute decision-making (MADM) and multiple objective decision-making (MODM). In majority of the studies, MADM approach is used for supplier evaluation (with qualitative criteria) and MODM approach is used to assign order allocation and other quantitative decisions [17] . One of the mostly applied MADM methods in supplier evaluations is AHP [18, 19] . The analytic network process (ANP) [20, 21] , the technique for order preference by similarity to ideal solution (TOPSIS) [22, 23] , visekriterijumska optimizacija i kompromisno resenje (VIKOR) [24] [25] [26] , the decision-making trial and evaluation laboratory (DEMATEL) [27, 28] and the best-worst method (BWM) [3] are other MADM methods that are used in suppliers evaluation process. Also, linear programming (LP) [29] , mixed integer linear programming (MILP) [30, 31] , fuzzy multi-objective linear programming (FMOLP) [3] , multi-objective mixed integer linear programming (MOMILP) [32] , multi-objective mixed integer non-linear programming (MOMINLP) [16, 33] and goal programming [34] are common MODM methods. These methods have been used in the field of supplier selection and order allocation. The more we know about this methods and on how they could be combined given a specific problem, the better we conduct research in this area. The review of the related literature showed that many studies have been done on supplier selection so far. Some of these studies have focused only on supplier selection (strategic approach) while some others have considered order allocation in addition to supplier selection (strategic and operational approach). Hence, in this paper a hybrid two stage approach based on FAHP and MOMILP is developed for supplier selection and order allocation in green supply chain considering location-routing problem under demand uncertainty. Therefore, the proposed model will be considered in this study wherein such assumptions as multi-period, multi-product, multi-depot, capacitated and green location-routing problem, discounting in purchase, storage, shortage, and other common assumptions are included. To the best our knowledge, it is notable that these assumptions in supplier selection and order allocation problem have not been simultaneously considered in any other studies so far. In the following, the literature review and the proposed approach are introduced in the second and third parts respectively. The fourth part is dedicated to the implementation of the proposed model in the company under study. The fifth section is dealt with the sensitivity analysis section. The final section is allocated to the conclusion.
Literature review
The challenging competitions and globalization of today's markets have converted supplier selection to one of the most significant decisions to be made by decision-makers [35] . Supplier selection problem has been an enticing theme for research since 1960 [5] . There has been a wealth of review papers in this domain such as De Boer et al. [36] , Aissaoui et al. [37] , Ho et al.
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A hybrid approach based on BWM, fuzzy TOPSIS, and fuzzy MOLP model has been developed by Lo et al. [3] for selecting suppliers and allocating orders. Using BWM, they calculated the weight of the criteria and then used fuzzy TOPSIS to rank suppliers. Finally, using a fuzzy MOLP model, the orders were allocated to suppliers. Babbar and Amin [50] employed a MOLP model by considering environmental issues in the supplier selection and order allocation problem. To this end, they used a novel fuzzy QFD model in order to determine the suppliers' weights and, then, they developed a stochastic MOLP model for order allocation. An integrated three-part approach for sustainable supplier selection and order allocation was presented by Gören [27] considering lost sales. In the first part of the proposed approach, the weights of the criteria are calculated by the fuzzy DEMATEL. The obtained weights are considered as input of the second part, and scores of suppliers are calculated by Taguchi loss function. Finally, in the third section, of the proposed order allocation method is proposed. Cheraghalipour and Farsad [30] presented a hybrid approach based on multi-criteria decision making and the MILP model for sustainable supplier selection and order allocation. They investigated two types of discounts on purchases from suppliers and disruption risks. In their proposed approach, the economic, environmental, and social score of each supplier was calculated using BWM and this score was then placed as a purchasing objective function coefficient from sustained suppliers and, in another objective function, the total costs was minimized.
Problem Statement and Proposed Approach
Designing a supply chain network with regard to strategic and operational decisions is critically important. In this paper, a hybrid approach based on FAHP and MOMILP model is developed for designing a green supply chain network by considering supplier selection and order allocation problem. The proposed approach consists of two stage. In the first stage, due to the hierarchical relationship between factors and lack of interdependence among them, FAHP method is applied for the evaluation and selection of suppliers. In the next stage, a MOMILP model is developed in which such assumptions as multi-period, multi-product, multi-depot, capacitated and green location-routing problem, discounting in purchase, storage and shortage under uncertainty have been considered. One of the benefits of the proposed approach is that the performance of each supplier affects the selection process, and cost is the only factor that does not influence the selection of suppliers. One of the other benefits of the proposed approach is the possibility of designing a network from the highest level of supply chain (supplier) to the lowest level (customer) with considering the real world assumptions. This approach has been explained as follows:
First stage: Supplier evaluation
At this stage, suppliers are analyzed and ranked in such a way that the qualified suppliers can be selected. To this end, one FAHP has been applied as follows:
First stage-step 1: A comprehensive set of common and green criteria are derived through review of the related literature and inclusion of experts' opinions in order to analyze the suppliers. First stage-step 2: According to the experts' opinions, since there is a very low level of innerdependence among the criteria and sub-criteria and there is a hierarchical structure among them, FAHP has been used. Experts will conduct the pairwise comparison between factors based on linguistic terms of Table 1. Once the questionnaire was filled out and the pairwise comparison matrix was derived, the local weight of each factor would be calculated by applying a non-linear model, as explained in the Eq. 1. This model was proposed by Dağdeviren and Yüksel [51] . 
In the non-linear model, (l, m, u) represent the lowest possible value, the most possible value and the largest possible value of triangular fuzzy numbers in pairwise comparisons and w k represents the k th criterion weight. The parameters i and j show row and column of pairwise comparison matrix respectively, and n indicates the number of criteria. The optimal value of λ may equal a positive or negative number. A positive λ shows consistency in pairwise comparison matrix, whereas a negative λ shows inconsistency in pairwise comparison matrix and, thereby, the experts should be warned to reconsider their judgments. Based on the proposed model, the total weight of the criteria should be equal to 1 and the weight of each criterion should be a positive number. Also, in completing the comparison pairs matrix, only the top of the diameter should be completed, which will reduce the number of pair comparisons. Once the model has been solved, the local weight of each of the criteria and sub-criteria can be achieved. Then, the local weight of criteria should be applied in local weight of sub-criteria in order to achieve the global weight of each sub-criterion.
Please insert Table 1 here   6 First phase-step 3: In this step, we determine each supplier's score in each factor. For this purpose, experts are asked to score the related factors for each supplier using linguistic terms of Table 2 . The triangular fuzzy numbers equivalent with linguistic terms have been used in this step, as presented in Table 2 [51] .
Please insert Table 2 here
In this way, the average of experts' opinions is calculated for each supplier in terms of each subcriterion. Therefore, those suppliers who have achieved the acceptable scores will enter the second stage as the qualified suppliers.
Second stage: Supply chain network design
At this phase, multi-echelon supply chain including supply, distribution, and demand are at play. To design a supply chain with the maximum desirable performance, we decided to design an integrated chain with a desirable performance while achieving optimal policies at the micro level, especially in the fields of supplier selection, transportation planning, location, purchase planning, etc. In addition, the optimal parameters of the mentioned system at the macro level were also determined. Hence, the aim is to soundly make a wide range of decisions, including strategic policies from selecting suitable suppliers and finding the suitable location to making operational decisions, such as routing of vehicles and transferred products. The assumptions related to the proposed model are as follows: Assumptions: -The intended supply chain in this research includes supply, distribution, and demand levels. -The supply chain has been considered to be multi-product and multi-period.
-The location of distribution centers is determined by the model. -Vehicles have been considered heterogeneous.
-The number and capacity of vehicles used for transportation are determined.
-The time needed for the movement of vehicles is absolutely predetermined.
-The storage has been considered in the model. -The vehicles routing problem lies between distribution and demand levels.
-The routing problem has been considered to be multi-depot.
-Taking purchase discount from suppliers has been considered. -The rate of demand has been considered to be fuzzy.
-Time windows constraint has been considered in the proposed model. -It is possible to encounter shortages, which are regarded as lost demand. Below is a description of the proposed model: 
Parameters
First objective function: Minimizing the total costs of chain. These costs include transportation cost, the cost of holding product in customer's stock, products supply cost and distribution center location cost.
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Second objective function: Maximizing the value of purchase from qualified suppliers. (6) Non exceedance of supplier capacity, distribution center capacity, and product flow capacity among them are represented in constraints (4) to (6) The total number of products moved from suppliers to distribution centers during each period should not be lower than that of the products moved from centers to customers, as explained in constraint (8) .
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According to constraint (9) , products are moved to customers by vehicles provided that the vehicle is allocated to one distribution center. According to constraint (10), each vehicle is allocated to only one distribution center.
According to constraint (11), a vehicle cannot be allocated to the distribution center unless the center has been located.
Each customer can be visited only by one vehicle, which has been shown in constraint (12) .
,, mijt mjit ii x m m j t   (13) According to constraint (13), if we enter one customer location, we should exit.
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Sub-tour elimination constrain and arrival time to each customer location are calculated by constraints (14) and (15) . Also, constraint (15) shows the non exceedance of time window for perishable products. 
The product will be delivered to the customer if and only if the vehicle is visited the customer and the vehicle has already been supplied. This issue has been explained in constraints (16) and (17), respectively.
( 1 (21) Constraint (21) enforce the model too meet all demand from customers at the end of the final period. Hence, it does not allow a lost demand to happen.
(1 ) , , , ,
Constraints (22) and (23) have been presented to apply the step pertaining to discount in purchasing products from suppliers.
Finally, constraint (24) indicates that it is possible to purchase products from each supplier during each time period at only one price level.
Linearization Process
In order to apply linearization process, the following auxiliary variables are defined based on which the linear equivalents are presented for each nonlinear phrase [52] : (25) (1 ) 
Solution approach
Among different approaches with which we can deal with uncertainty in optimization problems, Fuzzy Theory is the most popular method [53] . Depending on the specification of a given problem, different fuzzy approaches has been developed in literature [54] [55] [56] [57] [58] . The method which was developed by Zimmermann [54] and Lin [56] , allows us to convert a multi objective problem to a single objective problem, while taking the uncertainty in objective function and constraint into account. The solution approach is presented as follows: 
These membership functions are defined as follows: 
Case Study
Pharmaceutical Distribution Companies are active in the areas of the supply and distribution of human pharmaceuticals, purchase and sale of human pharmaceuticals, medical equipment, import and export of human pharmaceuticals, investment in the manufacture, distribution of human pharmaceuticals, etc. The main aims of such companies are providing the required human pharmaceuticals both in Iran and the region, improving the customers and shareholders' satisfaction, promoting the distribution quality of pharmaceuticals, and increasing the company's share in the local provision and supply of human pharmaceuticals. In this paper, the proposed model has been applied to assess the effectiveness and validation of a pharmaceutical company in the city of Tehran. The studied company produces and distributes more than 20 types of drugs. Three drugs are produced by the same production line and, hence, hold the similar data. Because of this similarity, these three drugs have been chosen for the study.
Using expert opinion and the availability of the chain data under study, we implemented the model for 3 perishable goods, 6 suppliers, 3 distribution center locations, 3 vehicles, 4 price levels, and 6 time periods. The stages required for the implementation are as follows:
First stage: Supplier evaluation
First stage-step 1: In this step, the criteria and sub-criteria of supplier evaluation and selection were extracted for based on review of the related literature and experts' experiences about the chain under study. To this end, three criteria, namely green, quality, and delivery and service were selected. The sub-criteria under these three criteria have been presented in Table 3 .
Please insert Table 3 here First stage-step 2: According to experts' opinions, since there is a low level of innerdependence among the criteria, FAHP was applied to determine the criteria's weights. Therefore, the local weights of all criteria and sub-criteria are achieved using the proposed nonlinear model, as in the pairwise table filled out by experts with linguistic terms (Table 1) . The results obtained from the substitution of triangular fuzzy numbers for linguistic terms in pairwise comparisons have been presented in Tables 4 to 7. 13 Please insert Table 4 here Please insert Table 5 here Please insert Table 6 here Please insert Table 7 here
In order to calculate the local weights of criteria and sub-criteria, Dağdeviren and Yüksel's (2010) nonlinear model and pairwise comparison data are used as the parameters. As an example, the nonlinear model is changed into the following form using the data in Table 4 . Thus, the criteria's weights are achieved by solving the model in GAMS24.1/CONOPT. Therefore, the local weights of all criteria and sub-criteria are calculated, and the results are shown in Table 8 . In order to obtained global weights of the sub-criteria, local weights of criteria are applied in local weights of their sub-criteria. The results are presented in Table 8 .
Please insert Table 8 here First stage-step 3: In this step, suppliers are individually evaluated in terms of each subcriterion. To this end, experts are asked to score each supplier on each sub-criterion by using linguistic terms of Table 2 . The results of the final score is showed in Table 9 .
Please insert Table 9 here
According to the experts' opinions, the supplier who obtains the least score of 0.5 should enter the second stage as a qualified supplier. Thus, suppliers 1, 2, 3, and 4 will be selected as the qualified suppliers.
Second stage: Supply chain network design
This subsection consists of three parts. In the first part, data gathering will be dealt with and some of the most important parameters will be presented. In the second part, the proposed solution approach is applied and the single-objective fuzzy model is presented. The third part is dedicated to results and discussions.
Data gathering
In this part, some of the parameters of the case study are presented. In the study, three perishable products, four selected suppliers, three potential distribution centers, four price levels, six customers, and six time periods are considered for validating the proposed model. Tables 10 to  12 indicate most important parameters of the case study.
Please insert Table 10 here
Please insert Table 11 here Please insert Table 12 here
Applying solution approach
In this section, using the solution approach presented by Zimmermann [54] and Lin [56] , the proposed model will be transformed into a single-objective model under uncertain demand. To do so, the upper and lower bound of each objective function is calculated as follows: (18), (19) and (21) (47) During these changes, the objective functions and constraints (18), (19) and (21) have been considered fuzzy and the other constraints are used without any change; of course, they have not been presented here in order to avoid duplication.
Results and discussion
The fuzzy single-objective model for the described case study was implemented in GAMS software and CPLEX solver. Based on the obtained results, all four suppliers were chosen to purchase the products from, only distribution center 3 was established and the vehicle 3 was purchased. The values of the objective functions and the maximum fuzzy membership function are reported in Table 13 .
Please insert Table 13 here
One of the operational decisions that make a significant contribution to the distribution of products, in particular perishable products, is the routing of vehicles to serve customers. As stated, the model only uses vehicle number 3 to distribute its products. The route traveled by this vehicle at time periods is indicated below. 
On the routes, the first customer ( 1 c ) represents the established distribution center, here it is the distribution center 3. As it can be seen, the vehicle returns to distribution centers after visiting customers. The arrival time of each vehicle to the customer's location at each time period is determined by using variable mjt at as presented in minute below: Other tactical decisions that have a significant impact on the greening of the network and the total cost reduction are the selection of suppliers and the amount of orders they are given at each time period. The results show that the purchase of products has been linked to each of the four suppliers, and the order quantity for each supplier of each product per time period is reported as follows. For example, it indicates that the first product purchased at the first price level from the supplier 2 by the distribution center 3 at time period 5 is 300 units. 
The number of products delivered to customers by each vehicle at each time period from the located distribution center is another operational decisions ( Thus, by implementing the proposed model in GAMS software, the optimal values of objective functions and decision variables are calculated. In network structure of the problem prior to mathematical model development, distribution center 2 and vehicles 1 and 3 were used and total cost was 643927300 and the purchase value of green suppliers was 1794.6. By implementing the proposed model, the total cost of the network decreased by more than 16% and the value of purchasing from green suppliers increased by more than 2%, which implies correct performance and effectiveness of the proposed model.
Sensitivity Analysis
For the validation of the proposed model, its sensitivity to some parameters was measured. To this end, some scenarios should be defined. Applying each scenario, we examine to what extent our expectations of the model are consistent with the achieved results. For this purpose, two scenarios have been applied. The first set of scenarios is based on decreasing demands while the second set is based on increasing demands.
Demand Decrease Scenario
In this section, scenarios are applied based on decreasing demands. If the demands decrease, the costs will not increase. However, the level of greenness would not increase as it is also confirmed by the results of sensitivity analysis. Hence, one cannot express a decisive opinion about the greenness of the objective function. In other words, there is no way to claim a conflict between the green objective function and cost objective functions. In fact, the reason for using this function in model is only to satisfy the environmental needs, be respectful of human rights, and obey the environmental rules and requirements. However, it is absolutely impossible to discuss greenness of the objective function. As a result, scenarios of demands decrease and the achieved results are shown in Table 14 and Figure 1 and 2.
Please insert Table 14 here Please insert Figure 1 here Please insert Figure 2 here
Demand Increase Scenario
The model is expected to bring about inverse results with demand decrease as result of increasing the demands. Thus, the results achieved from the model implementation have been illustrated in Table 15 and Figure 3 and 4.
Please insert Table 15 here Please insert Figure 3 here Please insert Figure 4 here
The results obtained from the sensitivity analysis of the model under two scenarios of demand decrease and demand increase are consistent with our expectations of the model. Hence, it is possible to use these results to validate the model.
Conclusion
In today's competitive market, the purchasing process, especially supplier selection, is a very important challenge for companies to succeed in. Since supplier is the first layer in a chain, any shortcoming in this layer will also affect other layers. In order to make a suitable decision regarding supplier selection and order allocation, we developed a two-stage approach based on FAHP and MOMILP model under uncertainty. The data from a pharmaceutical supply chain was used to evaluate the efficiency of the proposed approach and a fuzzy solution approach was used to solve the bi-objective model with uncertain demand amounts. Implementation of the proposed model resulted in a 16% reduction in total costs and a 2% increase in purchasing value of green suppliers. Also, the behavior of the proposed model for the scenarios caused by the sensitivity analysis of the demand parameter indicates the proper functionality of the proposed model. As for future research, it is suggested to use new MADM methods such as robust BWM [69] and fuzzy BWM [70] to evaluate suppliers, and because the model presented here is placed in the NP-hard issues category it is recommended to use large-scale algorithms to solve large-scale problems. Table 1 . Linguistic scale for difficulty and importance Table 2 . Linguistic values and mean of fuzzy numbers Table 3 . Criteria and sub-criteria for supplier evaluation Table 5 . Pairwise comparison matrix among green's sub-criteria Table 6 . Pairwise comparison matrix among quality's sub-criteria Table 7 . Pairwise comparison matrix among delivery and service's sub-criteria Table 8 . Local weights of criteria and sub-criteria and global weights of sub-criteria Table 9 . The final score of suppliers Table 10 . Customers demand in per time period Table 11 . Transportation cost between suppliers and distribution centers Table 12 . Time distance between distribution centers and customers (minute) Table 13 . Objective functions value Table 14 . Obtained results from demand decrease scenarios Table 15 . Obtained results from demand increase scenarios Figure 1 . Results of demand decrease scenarios for objective function 1 Figure 2 . Results of demand decrease scenarios for objective function 2 Figure 3 . Results of demand increase scenarios for objective function 1 Figure 4 . Results of demand increase scenarios for objective function 2 Table 3 . Criteria and sub-criteria for supplier evaluation (1,1,1) (2/3,1,2) (1/2,1,3/2) Q2
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